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In the past the injection of dye substances into the circulation of 
living animals has yielded much information about the functions of 
certain regions of the kidney (1-7).  Recently Rous  (8-11)  has re- 
ported studies of the relative reaction of living cells carried out by the 
use of various indicator dyes.  Some of his methods are well adapted 
to a study of the reaction within kidney cells and he has observed that 
litmus when segregated within the renal epithelium is in some places 
red, in others blue, a fact suggestive of marked functional differences. 
In the work here to be reported this observation has been followed up 
and we shall record certain changes in the reaction within cells lining 
the renal tubules of mammals,  which changes accompany and  are 
largely, if not entirely conditioned by  alterations  in  the  functional 
activities of these cells. 
Previous  Literature. 
The  older  literature  on vital staining  of the  kidney has  been  reviewed by 
Cushny (12) and recently by Marshall and Crane (13).  The elimination of dye 
substances by the glomerufi has been demonstrated by Wearn and Richards (14-- 
16) and by Bieter and Hirschfelder (17).  Workers are at one concerning it, but 
there has been much difference of opinion as to the significance of the presence of 
dye substances within the tubule cells.  Heidenhain  (1) took their presence to 
indicate a removal of the dye by these cells out of the blood and into the urine, a 
secretory activity in other words; but many more recent workers have looked 
upon it (6,12) as a result of absorption from the tubule lumen.  Recently Marshall 
and Vickers (18) and Marshall and Crane (13) have reported studies of the excre- 
tion of phenol red which they take to indicate a direct secretion of the dye by the 
tubular epithelium. 
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Indicator dyes have been much used for the study of kidney function in general 
but very little for that of the reaction prevailing within renal cells.  Long ago 
Dreser (19, 20) found acid fuchsin in the acid state in the cells of the convoluted 
and straight  tubules of the frog following repeated injections of the dye, and 
Gr~tzner (21) reported that the glomeruli  were stained with indigosulfonate  in the 
acid form under conditions of asphyxia.  Rous (22) noted that the color of the 
renal cortex of rats and mice injected with various of the phthalein indicators was 
often such as would indicate a pronounced degree of acidity; and more recently 
Edwards and Marshall (23) have noted that phenolsulfonephthalein  when present 
in the convoluted tubule cells of the dog kidney has the yellow color of acidity. 
Stieglitz (7)  had previously employed azolitmin, neutral red, and sodium all- 
zarinate in a study of changes in the reaction of the renal tissue.  He injected the 
dyes directly into the blood stream of rabbits and dogs and killed the animals 
within a few minutes.  He took the coloration to indicate that the reaction pre- 
vailing within the kidney cortex is alkaline when an acid urine is being secreted and 
vice versa.  No histological  evidence  is given in his paper. 
In the experiments here to be described we have studied the reaction 
within kidney cells by means of one of the pigmented ingredients of 
litmus, erythrolitmin (24-27), which is taken up and held by these cells 
for considerable periods.  Rous, in his papers on the relative reaction 
of mammalian tissues (8-11, 22) noted that the tubule cells of the rat 
kidney, after an intraperitoneal injection of litmus,  contained abun- 
dant granular deposits of the dye, which persisted for weeks and even 
months after the injection.  Since the intracellular material was found 
on test to have retained its indicator properties it was evident that a 
study of the reaction within the cells could be made under varying 
physiological circumstances. 
The Suitability  of Erythrolitmin for Kidney Cell Studies. 
More than 90 per cent of the purified "whole litmus" employed by 
Rous consisted of erythrolitmin, and it is to this ingredient that the 
staining he obtained is to be attributed.  Erythrolitmin is far superior 
to azolitmin or to "whole litmus" for purposes of vital staining, being 
practically non-toxic, and its change from red to blue occurs within 
the  range  of  hydrogen  ion  concentration  encountered  in  acid  and 
alkaline urines (12,  24).  These facts, coupled with the finding that 
intraperitoneal injections of the  substance did  not  cause nephritis. 
as evidenced histologically by sections of the kidney and by the  ab- 
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it for the present work according to a method described below.  Only 
pure erythrolitmin was used, save where mention to the contrary is 
made.  After intraperitoneal  injections the dye is segregated within 
the  tubular  epithelial  cells  everywhere from  the  glomerulus to  the 
collecting tubule, and shows striking regional differences in color under 
differing conditions of functional activity.  A  diffuse staining of the 
intracellular granules takes place, not a mere surface accumulation of 
dye such as  some authors believe occurs  (11)  who have  deMt with 
renal epithelium stained in other ways. 
Character  of the Staining. 
The  exact situation of dye substances  segregated within cells has 
been  the subject  of great  dispute.  The indicator material retained 
within cells after injections of "whole litmus" is sometimes concen- 
trated upon the surfaces of cell granules and in other cases is diffusely 
distributed within the latter  (8,  9).  The colored granules which can 
be squeezed from renal epithelial cells, after an intraperitoneal injec- 
tion of erythrolitmin, show in our experience a  diffuse distribution of 
the stain now in dilute form and again greatly concentrated.  Many 
granules spread like masses of a soft gel when pressure is exerted upon 
the cover slip, but others resist such pressure as can readily be brought 
to bear and retain their form.  There are never any appearances that 
would suggest a  precipitation of the dye.  Always it is evenly distrib- 
uted and the granules are translucent. 
Procedure. 
Rats of 80 to 200 gin. weight were given intraperitoneal injections of a 2 per cent 
solution of erythrolitmin iia 0.9 per cent sodium chloride solution.  The material 
had been prepared  according to a method described in the foregoing paper (24). 
For every gin. of body weight [ to ½  rag. of the dye was given and the injection was 
repeated once or twice at 48 hour intervals.  The result was an excellent staining 
of the kidnev.  As a rule the organ was examined 48 hours after the last injection, 
but the findings were much the same when the interval was several hours shorter. 
At the time for examination  of the kidneys the animals were given a whiff of 
ether, guillotined, stretched out upon a paraffin slab, and submerged in paraffin 
oil.  The  kidneys were  removed  with  all  possible  speed,  decapsulated,  and 
sectioned with a  Valentine  knife while still under the oil.  The whole process 
required often no more than 45 seconds to 1 minute.  The sections, protected by 
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ringed with paraffin.  As these sections were often about 100/z thick, and on the 
average about 150 to 175#,  observations on the color of the dye granules within the 
kidney tubule cells could readily be made.  Frozen sections also were made and 
studied to determine the distribution of the dye irrespective of its color.  On freer,- 
ing the  tissues,  the  granules previously diversely colored, red,  blue,  or violet, 
became all of one hue, violet, as result of the process of freezing and immersion 
of the sections in water before mounting.  The granules within the cells of fresh 
sections made with the Valentine knife, on the other hand, did not change color 
during the first few minutes of observation, often maintaining their original hue 
for 20 minutes or more, a fact which may be taken to indicate that the coloration 
was identical with that existing during life. 
Findings  in  the  Normal Ra~  Kidney. 
In  the gross the stained kidneys appeared a dark purple-red.  Under the low 
power of the microscope the outer zone of the cortex appeared blue at first sight, 
the inner zone red, and the medulla unstained.  Closer inspection showed,  how- 
ever,  that  there  were marked local differences underlying the prevailing hues. 
Much of the renal cortex was unstained.  The glomerular tufts showed no litmus 
but were well filled with blood cells of the natural  hue.  The endothelial lining 
cells of the glomerular capsule and particularly those near the entrance of  the 
uriniferous tubule always appeared a deep brilliant blue, containing the dye either 
in very fine granules, or at times in what seemed to be the diffuse form.  Wherever 
the proximal convoluted tubule could be seen leading off, the cells lining it con- 
tained the dye in bright blue granules, which were so abundant as to lend a blue 
hue to the cells.  In most sections this picture was readily to be observed.  The 
glomerular tufts appeared as though in the cup of a blue crescent with a blue stem. 
Wherever the eye could follow a single tubule far toward the renal pelvis, the 
color of the granules contained in the epithelial cells was observed to vary with the 
region.  Near the glomerulus the color was blue, and further down violet, while 
it was red a very little further on.  In that short segment where the tubule cells 
in general appeared violet, owing to their content of granules having this color, 
individual epithelial cells were to be found containing  granules some of which 
were brilliant red and others bright blue.  In every section there were  portions 
of tubules occupying the zone intermediate between the outer and inner cortical 
areas of the kidney, that could not be identified definitely.  These usually con- 
tained violet granules. 
In the inner zone of the renal cortex were to be seen in every section many 
characteristic loops of Henle, mostly of a brilliant blue, but some violet, and a few 
red.  Adjoining these portions bits of tubules were often made  out from just 
above or just below the loops of Henle in which a  transition from blue through 
violet to red or vice versa could be seen.  The  above  mentioned  unidentifiable 
bits of tubules containing the dye in violet form may be considered to have come 
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In the outer cortical region convoluted tubules could be seen the cells of which 
all contained the dye in red granules.  In no instances were the striations, charac- 
teristic of proximal convoluted tubules, present among them.  Very often these 
"red tubules" emptied directly into the collecting tubes, in which case there was, 
of course,  no doubt  that  we were dealing with  distal  convoluted tubules.  In 
striking contrast, the proximal portions of the convoluted tubules, when definitely 
identified,  either by their striations  or when emerging from a  giomerulus, con- 
tained the dye in the blue form.  Never was any dye to be seen in the cells of the 
J  !  flu 
Text-fig. 1 shows diagrammatically the renal color pattern following intraperi- 
toneal  injections  of erythrolitmin  in rats  secreting neutral  urine.  Text-figs.  2 
and 3 show the changes in color pattern associated with the secretion of alkaline 
and acid urine, respectively, described in the text.  The region of blue erythro- 
litmin is indicated by solid black, that of violet by dots, and of red by the short 
lines° 
collecting tubules  and  none was ever  recognizable in  the  glomeruli or tubular 
lumena. 
Sometimes all of the findings described could be made out in a single preparation. 
From the examination of scores of fresh sections, from many animals, we have 
prepared Text-fig.  1,  which shows diagrammatically the  state  of affairs  in the 
kidney of a rat maintained on an ordinary diet of barley, oats, and bread and milk~ 
and excreting a very slightly acid or a neutral urine. 
In brief, then, during the excretion of neutral or very slightly add 
urine, the granules of the lining cells of the glomeruli as well as those 
Neut~at  u~tr~e  /k~aiine urine  Acid urine 
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of the cells of the derivative tubules, at times as far along as the loops 
of Henle, are  alkaline to erythrolitmin.  Further  on, in a  short seg- 
ment  of tubule the  cell granules  show the violet color of neutrality, 
while further yet, in the cells in the ascending limb and in the distal 
convoluted  tubules,  the  granules  are  acid in  reaction  (Text-fig.  1). 
There is no dye anywhere to be seen in the lumina of the tubules and 
none within the cells of the  collecting system. 
The Effect of Diuresis on the Staining with Erythrolitmin. 
A number of rats were provided for several days with nothing but a 
10 per cent watery solution of cane sugar which they drank in great 
quantities.  During this period erythrolitmin injections were given as 
in the instances described above.  A series of control animals fed on a 
diet  of bread  and  milk,  barley  and  oats  and  injected  with  similar 
doses  of  erythrolitmin,  were  employed  for  comparison.  The  urine 
secreted by the sugar-fed animals  appeared slightly more alkaline to 
brom cresol purple and phenol red than  did that of the controls and 
was from two to four times as abundant.  In the kidneys of individuals 
killed at the height of the diuresis, sections of the renal tissue, viewed 
in the gross, appeared to contain far more blue dye.  Microscopically, 
fewer unstained areas were seen and the loops of Henle were oftener of 
a  bright blue, though  the cells of the distal convoluted tubules were 
still always red.  The point of change from the blue to the red reac- 
tion was apparently situated further down the tubule. 
The experiments suggested that with an increase in the quantity of 
the urine and a  change to slightly greater alkalinity,  more, relatively 
speaking, of the litmus was present in the alkaline form. 
The Kidneys  during  the Excretion  of Alkaline  Urine. 
Animals  to  which  sodium  bicarbonate  had  been  given  were  now 
studied. 
Rats weighing from 75 to 200 gm. were given by stomach tube, in the morning 
and again late in the afternoon of the same day, 5 cc. of a 10 per cent solution of 
sodium bicarbonate.  A  plentiful excretion  of  alkaline urine always  resulted. 
On the 2 or 3 days following, during which the bicarbonate administration  was 
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normal control rats.  There were either two or three injections,  on successive or 
alternate days.  After a final lapse of 48 to 72 hours, without discontinuance of the 
bicarbonate administration,  the animals  were killed  and the kidneys examined 
microscopically.  To vary the conditions  some  individuals,  previously injected 
twice or thrice with erythrolitmin, were given the alkali once, then again on the 
following morning, and in the afternoon they were killed and studies of the kidneys 
were made.  The findings were the same whichever the procedure. 
In  the  gross  the  kidneys  appeared  deep  purple-red  as  ordinarily.  Micro- 
scopically  the general color of the cortex was blue,  but scattered areas of cells 
with brilliant red granules were to be found.  As usual the glomerull lay within 
blue crescents of endothelial ceils packed with blue dye, and the capillary tufts 
were filled with blood of natural color.  The ceils of the proximal convoluted 
tubules leading away from the glomeruli were crowded with granules of a dense 
deep blue.  Nearly all the tubular loops which could be identified  as descending 
limbs of the loops of Henle were deep blue and so too with the ascending limbs for 
some distance.  In the cortex, however, many red tubules were seen,  the cells 
thereof containing in no instance the striations of proximal convoluted tubules. 
A connection of these red tubules with the collecting  tubes could frequently be 
made out and hence they must have been portions of the distal convoluted tubules. 
But segments of them,--not adjacent to the collecting tubes but lying further up,- 
were blue or violet, a phenomenon never observed in the animals secreting neutral 
urine.  The collecting tubules themselves were unstained. 
A change in the relative reaction within the tubule cells as evidenced 
by the distribution of the litmus  colors had evidently taken place in 
these animals.  The blue  coloration extended  much further down, 
being seen in  the  granules  of the  cells of the  ascending limb  of the 
loop  of  Henle  and  in  an  adjoining portion of  the distal  convoluted 
tubules.  In every case the terminal portions of these latter where they 
joined to the collecting tubules were red with the indicator, as under 
normal conditions, and this despite the fact that a  markedly alkaline 
urine was being secreted. 
The findings described above have been gathered from an examina- 
tion of many sections from many animals, though occasionally a single 
specimen  showed them  all.  By and large  they demonstrate  dearly 
that,  during the  secretion of alkaline  urine,  the reaction  within  the 
cells of the kidney cortex is markedly  altered.  The essential differ- 
ence from the normal lies in an extension of the blue color along the 
tubular path, in some instances almost as far as the collecting tubules. 
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Appearance  of the Kidneys  during  the Secretion of Acid  Urine. 
Rats  injected with erythrolitmin were caused to secrete acid urine. 
The kidneys showed changes the opposite of those occurring when the 
urine  had  been  rendered  alkaline. 
The secretion of acid urine was brought about in rats by the administration of a 
10 per cent aqueous solution of sodium acid phosphate through a  stomach tube. 
At the same time control animals were fed ordinary food and other rats were fed 
alkali for the experiment already described.  Rats of like age and weight were 
chosen for the procedures.  Half of those given sodium acid phosphate received 
two doses in a single day and 24 hours later the first of the injections of erythrolit- 
min.  Either two or three injections of the dye were made, on alternate or suc- 
cessive days, and the examination of the kidneys was carried out 48 hours after 
the last injection.  Throughout the period of preparation, S to 8 days in all, the 
feedings of sodium acid phosphate were  continued; and the animals' urine was 
regularly acid during the period.  The other half of the rats were fed acid solution 
for the first time on the day after the last of several erythrolitmin injections, and 
again on  the following morning.  6  hours  later  the  kidney  examination  was 
made, at a time when acid urine was being formed.  In both groups the findings 
were the same. 
In the gross the kidneys appeared reddish purple.  Microscopically  the sections 
appeared almost entirely a bright red in contrast to the spotty red and blue of the 
controls.  The outer areas of the cortex were red, with only here and there tubules 
containing the dye in blue form.  The tubules of the inner cortical area were all 
red, including the loops of Henle.  But it was striking that even in these kidneys 
the glomeruli lay cupped in biue crescents just as in the controls, the endothelial 
lining cells containing erythrolitmin only in the blue form.  Wherever a  tubule 
could be found leading off from the tuft the cells near the glomerulus likewise 
contained blue granules.  Text-fig. 3 shows diagrammatically the findings in these 
experiments.  The cells of the first portions of the proximal convoluted tubules 
contained the dye in the blue form only, but the changes from blue to violet and 
then to red occurred close to the glomerulus, considerably nearer than in normal 
animals, and far nearer than in the kidneys of the rats fed alkali.  Frequently the 
shift in color of the intracellular granules was seen to occur at a  point nor more 
than 100  or 200 #  from the exit of the tubule from the  tuft.  In  numerous  in- 
stances the eye could trace the entire color sequence within a relatively  short extent 
of tubule.  Many individual cells in the region of color change where the granules 
were preponderantly violet contained both bright blue and brilliant red granules 
lying together in the cytoplasm.  Distal to the region of change all of the intra- 
cellular granules were red.  The  few blue areas in the cortex could always be 
identified  as segments of the proximal convoluted tubules from next the glomerulus. 
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red areas were frequent that consisted of proximal convoluted tubules.  N'o blue 
loops of Henle were seen; all were red.  As in the other sections the collecting 
tubules were quite without color. 
To  sum up the alteration in  the reaction within the tubule cells, 
as evidenced by the litmus change to red, affected the proximal con- 
voluted tubules throughout almost their whole length and the entire 
loop of Henle.  The structures mentioned now showed acidity instead 
of the alkalinity which is normal to them. 
Constancy of the Findings. 
The  phenomena described occurred with but very little individual 
variation.  Certain  of  them  were  constant.  No  matter  what  the 
reaction of the urine the granules of the cells lining the glomerulus and 
the adjoining portion of the proximal convoluted tubules were blue. 
And  the intracellular  granules of  the further portion  of the  distal 
convoluted  tubules  were  always  red.  Erythrolitmin  was  stored 
throughout  the  system  from  glomerular  tuft  to  collecting  tubule 
but  not in  either of these structures.  In normal animals secreting 
a  neutral or slightly acid  urine  the  transition from red granules to 
blue, the zone that is to  say where the granules  are predominantly 
violet, is situated in the beginning of the ascending limb of the loop 
of Henle. 
The relative reaction of kidney cells and their changes under func- 
tional conditions were studied in some other species besides the rat. 
Mice, guinea pigs, and rabbits were given intraperitoneal injections of 
erythrolitmin in dosages similar to those used in the rat experiments, 
that is to  say ¼ to ½ rag. of the dye per gin. of body weight.  The 
secretion of acid and alkaline urines was induced in the way already 
described, by feedings of sodium acid phosphate or sodium bicarbonate; 
and the state of the kidneys was compared with that of normal ani- 
mals injected with erythrolitmin.  The findings were altogether simi- 
lar to those in the rat, so they need not be enlarged upon. 
Constancy of the Findings Following Massive Doses of Acid and Alkali. 
Acid A dministration.--A remarkable feature in the experiments just 
described was the regular occurrence of erythrolitmin in the blue form 806  I~ELATIVE REACTION  V~ITIIIN LIVING TISSLrES.  XI 
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within the cells lining the glomerulus and the adjoining portion of the 
proximal  convoluted  tubules,  no  matter  what  the  reaction  of  the 
urine  that  was  being  secreted.  Litmus  segregated  within  healthy 
cells elsewhere throughout the body is regularly in the  acid  form,  red 
that is to say.  It was deemed worth while to test whether the blue of 
the glomerular litmus is changed to red by massive doses of acid. 
For the purpose, rats weighing  from 99 to 168 gin. were given dilute HC1 by 
stomach tube in varying concentrations and amounts, as outlined in Table I.  As 
a rule,  several administrations of HCI were employed at 24 hour intervals, or a 
single dose in higher concentration.  The animals were kept in special cages for 
the collection  of urine under oil.  Fresh bladder urine unmixed with feces was 
obtained for pH estimation with indicators by holding a  closed  cone over the 
animal's nose for a  moment, thus  inducing  a  struggle during which urine was 
voided.  In all other respects the technique was that already described. 
Table I summarizes the result of this experiment.  The animals receiving the 
smaller quantities of acid (Nos. 1 to 9, inclusive)  continued to secrete urine.  In 
the kidneys of these rats erythrolitmin, present in the lining cells of the glomerulus 
and epithelial cells of the first portion of the proximal convoluted tubules, was 
still always blue.  In both of these regions it frequently appeared bluish purple, 
but never frankly red.  The color change of the dye in the cells of the proximal 
convoluted tubules took place much closer  to the glomeruli than in the earlier 
experiments, often less than the distance of one glomerular diameter away from 
the exit of the tubule from the tuft. 
Suppression of urine, usually preceded by hematuria, followed the large quan- 
tities of acid given to Animals 10 to 19, inclusive (Table I).  In contrast to the 
findings of the foregoing experiments, erythrolitmin appeared at times in the red 
form within the glomerular lining cells and those of the first portion of the proximal 
convoluted tubules.  But only after urinary suppression could this be demon- 
strated.  Whenever secretion continued  (Rats 1 to 9 inclusive),  the dye in the 
locations named remained either blue or a deep bluish purple.  A comparison of 
the findings of Rats 7, 8, and 9 with those of 10 shows this point well, for all these 
animals received similar amounts of acid but with differing results.  So, too, does a 
comparison of the findings of 3 with those of 11, 12, and 13. 
The effect of massive doses of acid may also be evoked by means of an "acid- 
forming" diet.  Feedings of CaCl~ have been shown by Haldane, Hill, and Luck 
(28) to have the effect of administrations of HC1; for the calcium moiety is not 
retained, while  the chlorine  is.  According  to Gamble, Ross, and Tisdall (29), 
40 per cent of the chlorine  given in this way behaves in the body like HC1.  As 
Addis,  MacKay, and MacKay have pointed out (30), a rat eating 10 gm. of diet 
containing 4 per cent of CaCI~. should receive the equivalent of 14.4 cc. ~/10 HC1. 
We therefore maintained rats for 10 days on a diet of bread and milk to each 
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injected with erythrolitmin on 2 alternate days and killed 48 hours after the last 
injection.  The special diet was continued to the end.  Urine  was secreted plenti- 
fully and of a pH usually well below 6.0.  Upon  examination of the kidneys the 
dye still appeared blue in the glomerular lining cells and the first portion of the 
proximal convoluted tubules. 
Alkali Admlnistration.--Massive  doses of alkali were given to rats 
stained with erythrolitmin, to  see whether in  this way the color of 
the dye present in the lining cells of the final portions of the distal 
convoluted tubules could be influenced.  Even after the feedings of 
sodium bicarbonate outlined earlier in  this paper  it had been  con- 
stantly in the red form. 
Stained rats were given  by stomach tube 4 cc. or 2 cc. of N/1 Na~CO~ solution 
per 100 gm. of body weight.  The larger doses led to rapid suppression of urine, 
the smaller often to a similar result after 48 hours.  The urine when obtained 
was usually of a pH about 8.2, as determined by the indicators cresol red and 
thymol blue.  Examinations of the kidney were made, in many instances, before 
this result had been attained, and in others afterwards.  We were never at any 
time able to demonstrate the dye in the blue form within the lining cells of the 
final portion of the distal convoluted tubules where these were actually observed 
emptying into  the  collecting tubules.  The  dye was frequently of a  reddish 
lavender but never frankly blue.  In all other situations throughout the tubular 
epithelium, it was intensely blue. 
It is evident that massive doses of acid fail to change from blue to 
red the erythrolitmin segregated in the cells lining the glomeruli and 
the first portion of the proximal convoluted tubules.  As long as the 
kidney  continues  to  secrete  urine  these  cells  maintain  a  relative 
alkalinity, despite the strong acidity of the urine.  Only in the event 
of urinary suppression  is  there  some  slight shift in the  direction of 
acidity. 
After massive doses of Mkali, sufficient sometimes to cause urinary 
suppression, the erythrolitmin within the cells lining the final portion 
of the distal convoluted tubules remains red. 
Results  after  In~ravenous  Injections. 
To complete our observations some intravenous injections of ery- 
throlitmin were made.  The method has already been used by Stieg- 
litz  (7)  who  employed azolitmin,  neutral  red,  and  sodium  alizarin 
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Rats of approximately 100 gm. weight were injected intravenously with 1 or 2 
cc. of a 1 per cent solution of erythrolitmin at a pit of approximately 7,0.  The 
kidneys were extirpated and sectioned after intervals of 30 minutes, 1 hour, 2, 5, 
6, 10, and 18 hours.  The animals tolerated the dye poorly and in many instances 
became moribund a few minutes after the injection. 
The findings were by no means as clear-cut as after intraperitoneal 
injection of the indicator since the kidneys never became well stained. 
Within  a  few seconds after intravenous injection  of erythrolitmin the urine 
contained it  in  high  concentration  whereas  the  kidney  tissue  showed not  the 
slightest traces.  When half an hour had elapsed the gtomernli appeared faintly 
bluish regardless of the reaction of the urine.  The color seemed to be due to the 
presence of the dye in the blood within the tufts.  When 2 hours had elapsed some 
of the tubular epithelial cells of kidney sections showed a very faint diffuse blue 
tint.  No definite coloration of intracellular granules could be made out, and the 
staining was so slight that it appeared merely as a blue haze over the cells.  6 
to 8 hours after an injection of the dye, colored granules could be found here and 
there in the tubule cells.  Both red and blue granules were to be found, indis- 
criminately located.  In this connection it may be recalled that litmus is often 
taken up by cells in fine blue particles and only secondarily converted to red (9) 
as further that when a cell containing segregated litmus is damaged or has begun 
to degenerate it turns from red through violet to blue (9).  The coloration of the 
kidney cells was so poor, as compared with that obtained after intraperitoneal 
injections, that no conclusions as concern kidney function could be drawn from the 
instances mentioned. 
With a further increase to 24 or 48 hours in the time interval between the injez- 
tion of erythrolitmin and the examination of the kidney, the appearance of the 
organ came to resemble closely that following intraperitoneal injections.  Nothing, 
then, had been gained by the intravenous administration of the indicator. 
We were unable to  secure satisfactory staining of the  rat's kidney 
after  intravenous  injections  of  azolitmin  (Grtibler),  with  our  own 
preparation of azolitmin or with sodium alizarin VI, dyes with which 
Stieglitz  (7)  reported  success  in  dogs.  Exitus  frequently  occurred 
soon after injection of the dyes when given in quantities  too small to 
stain the kidneys. 
It has been reported by Stieglitz that,  after the intravenous injec- 
tion of azolitmin, sodium alizarin, and neutral red, the reaction of the 
kidney cortex is apparently the opposite of that of the urine secreted 
at the  time.  In view of our failure to  confirm this finding with  the 
aid of the dyes just mentioned it seemed necessary to  repeat  Stieg- 
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Solutions of neutral red in physiologic saline when given intravenously stained 
the kidney well in dogs and rabbits within a few minutes.  The tubule cells took 
up the dye in both a diffuse and granular form and it appeared promptly in  the 
urine.  However,  under  these  circumstances  there  was  no marked  differential 
staining,  as with erythrolitmin.  The kidney was always of an almost uniform 
hue, which hue depended largely, as will be shown, upon the dosage of the dye and 
the  time interval between its  injection  and the  examination of the organ.  In 
passing it should be said that the yellow, alkaline form of neutral red can easily be 
confused with the natural yellowish color of thin sections of kidney tissue. 
Six dogs and 16 rabbits were induced to secrete alkaline or acid urine,  as  de- 
sired,  through  the  oral  administration  of sodium  bicarbonate  or  sodium  acid 
phosphate,  or  by  the  intravenous  injection  of  these  substances.  After  the 
bladder urine obtained by catheterization had become definitely alkaline or acid, 
intravenous injections of neutral red (Griibler)  were given, in 1 per cent or 0.5 
per cent solution in physiological saline.  Various doses were used and the kidney 
examined after various intervals of time.  Specimen protocols follow: 
Normal dog, 8½ kilos. 
10. 50 a.m.  Ether anesthesia induced; the bladder urine is distinctly acid to 
brom cresol purple and neutral red.  10.52.  Catheterization; urine specimen acid 
as before; catheter bound in. 
10.55.  30cc. of l  percent solution of neutral red (Griibler)  in 0.9 per cent NaCI 
solution injected intravenously.  The animal became rose red at once.  11.01.  The 
dye appeared in the urine, in the red form.  11.25.  The right kidney was removed 
through a posterior incision.  In the gross it appeared deep red.  In sections, cut 
with a Valentine knife and mounted between mica slides, the tubular epithelial 
cells were colored red, and many contained the dye in granular form.  The general 
staining of the kidney, however, was slight. 
11.30.  Intravenous injection of 5 per cent solution of sodium bicarbonate,  150 co. 
11.33.  The urine became orange.  11.40.  The urine was dear and dark yellow; 
it turned red upon the addition of acid.  12.00 m. The left kidney was removed. 
In the  gross  the  whole  organ  appeared  yellowish.  Sections,  made  with  the 
Valentine knife and mounted as described above, appeared yellow.  The tubular 
epithelial cells were stained diffusely yellow. 
In this experiment the kidney removed after the animal had begun to secrete 
alkaline  urine appeared definitely more alkaline  than the organ examined at  a 
time when the urine was acid. 
In another  experiment  after  an intravenous  injection  of 5  per cent  sodium 
bicarbonate with consequent elimination of alkaline urine,  a  larger intravenous 
injection of 1 per cent neutral red was given, 45 cc. to a 9 kilo dog, and the kidneys 
were removed 12 minutes later instead of after half an hour, as in the experiment 
above.  Microscopically the  epithelium  of  the  renal  tubules  appeared  red  al- 
though the urine secreted was yellow, a finding the opposite of that just described, 
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another 9 kilo animal with the same dosage of dye but one of the kidneys was 
removed half an hour after an alkaline reaction of the urine had been established, 
instead of after the lapse of but 12 minutes as in the previous experiment.  The 
second kidney was removed 30 minutes after an acid reaction of the urine had been 
established.  With this greater interval of time between the injection of dye and 
the examination the color of the kidney cortex was found similar to that of the 
urine secreted.  The protocol follows: 
Normal dog, 9 kilos.  All urine specimens obtained by catheter. 
10.45. a.m. Ether anesthesia.  10.50. Urine clear and strongly acid to neutral 
red, erythrolitmin, and brom cresol purple. 
10.58.  Intravenous  injection  of sodium  bicarbonate, 5 per cent  solution, 75  cc. 
11.08.  Intravenous injection of neutral red,  1 per cent, 40 cc. 11.14 (6 minutes 
later).  Urine appearing red from the catheter,--still acid.  Intravenous injection 
of sodium bicarbonate repeated.  11.17. Urine bright orange, that is to say defi- 
nitely  alkaline.  11.47.  Urine has  been  alkaline  for  ~  hour.  Right  kidney 
removed.  Histological study made at once (see below). 
11.49.  Intravenous injection of sodium acid phosphate  solution,  5  per cent, 70 cc. 
11.51. Urine now reddish rose colored.  11.53. Injection of sodium acid phosphate 
repeated.  11.55.  Urine bright rose  red,  strongly acid.  12.21 p.m. Urine has 
been acid for ½ hour;  left kidney removed.  Histological study made at once. 
Animal killed with chloroform. 
The kidneys were removed, in each instance 30 minutes after the urine had been 
rendered acid  or alkaline,  respectively.  When  the animal was passing yellow 
alkaline urine the gross appearance of the kidney was a reddish yellow.  Micro- 
scopically,  sections mounted on mica slides  and ringed with paraffin showed a 
moderate, diffuse, and granular staining of the cortex.  The dye in the tubule cells 
was mostly in the yellow form, but some in the red.  The predominating color, 
though, was yellow, like that of the urine. 
When  acid urine  was being secreted the kidney appeared bright  red in  the 
gross.  Nearly all the dye in the epithelium of the tubules was present in the red 
form, with here and there a little yellow coloration.  Again the predominating 
color of the cortex was like that of the urine. 
Such  experiments were many times repeated,  with  different  doses 
of neutral red.  The dye was given in the red form, but was brought 
close to the neutral point with sodium bicarbonate.  It cannot be in- 
jected in the yellow form because of the resulting precipitation of the 
dye in alkaline reaction.  In general, when large doses of the dye were 
given  and  examination  of  the  kidney  made  shortly  afterwards,  the 
tubule  cells  contained  much of it in  the  red  form,  regardless  of the 
reaction  of  the  urine.  When  half  an  hour  or  more was  allowed  to 
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and when the dosage of dye was not too great, the majority of epithe- 
lial cells manifested the same color as did the urine. 
Similar experiments upon rabbits gave findings of like sort.  When 
large doses of neutral red were employed and the examination made 
soon thereafter, the kidney cortex, in general, appeared red, no matter 
what  the  reaction  of the  urine.  Lengthening  the  interval  between 
injections of the dye and examinations of the kidney gave time for the 
organ to convert most of it in the tissues to the form in which it ap- 
peared in the urine. 
The  protocol which  follows contains  the  findings in  four rabbits, 
and  shows well the influence of dosage,  and time interval, upon the 
coloration of the kidney cells with neutral red. 
The treatment of the animals may be tabulated as follows: 
Rabbit... 
Weight  ................................................ 
[ntmvenous injection of 5 per cent sodium 
bicarbonate... 
5 rain. later. 
ntmvenous injection  of I per cent neutral red 
Kidney  examination  .... 
650gm. 
8  CC. 
12 cc. 
5min. 
later 
655 gin. 
8 cc. 
2  CC° 
5 rain. 
later 
647 gin. 
8  CO. 
12 cc. 
90 rain. 
later 
653 gin. 
8  CC. 
2  ¢C. 
90 rain. 
later 
After the bicarbonate injection the urine of all the animals was strongly alkaline 
and contained much dye in the yellow form. 
Rabbit a.--In the gross the kidney appeared dark red.  Section showed  the 
tubule cells containing much red dye, in granular as well as diffuse form.  The 
cortex was predominately red. 
Rabbit b.--The kidney appeared red in the gross, but lighter in color than that 
of Rabbit a.  Sections were yellowish red.  The tubule cells contained dye in red 
granules.  The general appearance of the kidney of a was more acid than that of 
b.  1~/50  HCI run under the cover-glasses turned the sections as a whole a deeper 
red, showing that some of the dye was present in the yellow form. 
Rabbit c.--The kidney appeared a mottled reddish yellow.  The sections were 
red in general and deeply stained.  Many tubule cells held the dye in red granular 
form, while in other tubules the cells contained yellow granules.  The glomeruli 
appeared  as  distinct  yellow  crescents.  The  urine  was  a  deep yellow.  The 814  RELATIVE  REACTION WITHIN LIVING TISSUES.  XI 
bladder, however, contained yellow urine with clot-like masses of dye in the red 
form.  When the contents were mixed the prevailing hue was yellow. 
Rabbit d.--In the gross the kidney appeared yellow.  Sections  were also yellow. 
There was more dye present in the tubule cells than in those  of Rabbit b which 
received the same dose of the indicator, and less than in Rabbits a and c.  Prac- 
tically all of it was present in the alkaline form. 
From the results of these and other like experiments  certain  facts 
became plain.  When the dose of neutral red was small the tubular 
epithelium  of the kidney usually appeared of the  same color as the 
urine  secreted,  though  in  a  few instances it  had  the  opposite color. 
When the dose was large enough to stain the tissue well much of the 
indicator within  the cells manifested the color it had when injected, 
regardless of the reaction  of the urine.  When  the time interval  be- 
tween the injection and the examination of the kidney was short, that 
is to say half an hour or  less, the cells might or might not have the 
same  color  as  the  urine.  If the  time  interval  was lengthened,  the 
color of the majority of the kidney cells was that of the urine being 
secreted.  Apparently  the  lengthening  of  the  interval  between  the 
intravenous  injection  of a  large amount  of dye and  the histological 
examination  gave time for its conversion in the stained tissues to the 
form in  which  it  appeared in  the  urine.  If the  time  interval  after 
injection was short, it  seemed  largely  a  matter  of  chance  how  the 
kidney was stained owing to the great concentration and overwhelming 
amount of material suddenly brought to it. 
Altogether it is obvious that the results of the intravenous method of 
administration  of indicator dyes for renal staining are untrustworthy, 
unless examination of the organ can be postponed until the cells can 
deal with the material coming so suddenly to them.  In practice many 
indicator dyes are toxic, when administered in this way, and the ani- 
mals frequently die before sufficient time for a proper staining of the 
tissues has  elapsed. 
DISCUSSION. 
Erythrolitmin  is far from being a  perfect indicator  (24).  In view 
of this fact how much is one justified in  inferring  from the  present 
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and erythrolitmin is no exception to the rule.  There is then a definite, 
though slight, increase in the red in higher concentrations; and since 
erythrolitmin would appear to be often very highly concentrated when 
segregated within the kidney tubule cells, the possibility of an inter- 
pretative error from this source may be great.  The dye is subject to 
large salt and protein errors as well, but these influence it in the oppo- 
site direction.  Erythrolitmin in the presence of salt or protein at a 
given pH appears more blue than in solutions at the same pH without 
these ingredients (24). 
Granting these facts erythrolitmin still has notable virtues as an 
indicator of tissue conditions.  It persists within the tissues for months, 
eliciting no evident reaction and retaining its indicator characteristics. 
This is true of the dye segregated within renal epithelium.  When a 
section of the stained kidney is placed in a buffer solution all the stained 
granules take the same color, namely one approximating that which 
would be expected of erythrolitmin at the pH of the buffer.  In un- 
treated  specimens immediately after removal from the body many 
granules containing the dye in highly concentrated form are a  deep 
blue.  Since the optical error upon concentration is toward the red, it 
is evident that this factor plays no decisive part in the color. 
Can the findings of the experiments outlined in the present paper 
be due to supravital changes?  The constancy of the results under a 
given set of conditions and the equal constancy of the induced varia- 
tions would seem to put this possibility out of the question.  One 
might suppose that t.he knife in sweeping from cortex to medulla and 
carrying with it a  mixture of blood, lymph, glomerular filtrate, and 
more or less completed urine would bring about an alteration in the 
granules of the cells with which it came in contact.  So it must in those 
cells that are injured.  Such an effect will not explain, however, the 
orderly  arrangement  of  red  and  blue  granules  everywhere  in  the 
unexposed cells.  These cells show no change in the litmus coloration 
for many minutes after removal from the body.  The kidneys can be 
removed from  living  animals,  sectioned,  and  observed,  within  45 
seconds to 1 minute.  Renal cells can scarcely be regarded as dead in 
so  short a  time, much longer interruptions of the circulation being 
withstood ~31). 816  RELATIVE  REACTION  WITHIN  LIVING  TISSUES.  XI 
Can one suppose the variations in the reaction of the granules in the 
living cells of the renal tubules to be a mere passive reflection of the 
reaction of the fluid passing along the tubules?  Such a  view is in- 
compatible with what is known of cell integrity.  Litmus segregated 
in granular form by phagocytes does not take the color appropriate to 
the hydrogen ion concentration of the fluid surrounding these cells 
unless they are crushed or otherwise injured (9). 
All things considered, one is forced to the conclusion that the color 
patterns seen in kidneys stained .with erythrolitmin are the expression 
of functional activities.  But how these activities exert theirinfluence 
on the reaction of intracellular granules is a  problem of great com- 
plexity. 
The fact has already been emphasized that the granules within the 
epithelium of the glomerulus and the adjoining portion of the con- 
voluted tubules are regularly blue, no matter what the reaction of the 
urine.  Were it not for the cell integrity just mentioned the finding 
might seem explicable on the basis that the renal filtrate as derived 
from the blood and bathing these cells is ordinarily alkaline.  Every- 
where else though throughout the body litmus-containing elements are 
bathed by alkaline fluids yet the color of the indicator within them is 
red, indicative of acidity.  Why should there be this peculiar exception 
in the case of this region of the kidney?  And what is one to think of 
the shifting in the renal color pattern that can be brought about by 
administering substances to the animal which cause the reaction of the 
urine to shift to the alkaline or acid side.  The tubule cells adjoining 
Henle's loop constitute, as it were, a transitional zone of color change. 
In them, erythrolitmin granules are violet, under normal circumstances, 
or sometimes red and blue in the same cell.  During the secretion of 
acid urine the cells of this region contain the dye in the red form. 
One might suppose the red of the granules in this region to be of no 
greater significance than that met elsewhere in the body were it not for 
the fact that the red can be altered to blue by altering the functional 
conditions, as during the secretion of alkaline urine.  One can only 
suppose these phenomena to be an indirect expression of functional 
activities on the part of the renal cells--cells through which material 
is passing into or perhaps out of the blood.  Only in the case of the 
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system is another explanation possible. Through thick and thin, so to 
speak, the litmus within such cells remains in the red form, the form 
in which it is encountered in healthy, non-secreting cells elsewhere in 
the body.  Here there would seem to be no reason to invoke a func- 
tional passage of material through the cytoplasm in order to explain 
the findings.  Since the reaction within these cells cannot be rendered 
alkaline by any of the experimental means as yet attempted, it is 
conceivable that it is held fixed, as is certainly not the case higher up. 
Yet  since these  cells differ in  no wise  morphologically from those 
immediately adjacent to them in the same tubule, and do differ sharply 
from the elements of the collecting tubules upon which they abut, it 
seems more likely that  they are protected by  a  fortunate situation 
from those functional stresses which in our experiments led to a change 
in the reaction of the granules further up. 
Granted that the renal color pattern and its changes are the expres- 
sion of functional activities, what is the nature of these latter?  Do 
the  cells  lining the  tubules  resorb  fluid  only,  or  secrete  materials 
into  the  tubular  lumen as  well?  Unfortunately the  findings here 
described would appear to admit of both possibilities.  One can say 
at the moment only that the reaction within the cells  of the renal 
tubules varies from region to region in a  way which shows it to be 
intimately connected with the secretory activities of the organ.  In 
some regions it is profoundly altered by changes in these activities. 
Stieglitz' (7) conclusion that the reaction of the kidney cortex is the 
reverse of that of the urine being secreted at the time is based on obser- 
vations of the cortex color following intravenous injections of indica- 
tors.  Our repetition of some of his experiments has shown that the 
color of the kidney cortex shortly after such injections is influenced 
chiefly by factors not considered by Stieglitz, namely the dosage of the 
dye and the variations in the time interval between its injection and 
the examination of the organ.  Large amounts of indicator dye coming 
suddenly to the kidney from the blood may be found, a  few minutes 
later, unchanged in color within the cortex cells regardless of the reac- 
tion of the urine.  The kidney overwhelmed, so to speak, with dye 
requires an appreciable time to act upon all the indicator substance 
present.  A heavy dose of neutral red, in the acid form, injected intra- 
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kidney cortex a few minutes later still in its red, acid form, indicating 
a reaction the reverse of that of the urine being secreted at the time. 
Later the dye in the cortex will be in the yellow, alkaline form.  Small 
doses of neutral red intravenously injected in the acid form into ani- 
mals secreting alkaline urine are of course converted to the alkaline 
form in the kidney sooner than are large doses.  When acid urine is 
being secreted, neutral red injected in the acid form remains unchanged 
regardless of the dosage given. 
Such findings clearly show how the employment of indicators by 
intravenous injection may lead to erroneous conclusions concerning the 
relation between the reaction of the kidney cortex and that of the 
urine secreted.  They show further that the examination should be 
postponed until the cortex cells have had ample time to deal with the 
dye coming to them.  Under these conditions one finds the reaction of 
the kidney cortex to be, by and large, the same as that of the urine 
under  secretion. 
SITM~ARY. 
The tubules of the mammalian kidney, vitally stained with erythro- 
litmin, show a  significant color pattern,  the cells  of certain regions 
appearing bright blue and others brilliant red.  The dye is segregated 
within the cytoplasm, staining fine granules diffusely. 
Under  normal  circumstances  of  renal  function  erythrolitmin  is 
stored in the lining cells of the glomerulus and the epithelial cells of 
the proximal convoluted tubules in the blue, alkaline form.  In the 
ceils of the final portion of the distal convoluted tubules the dye is 
red.  Between these regions a narrow transitional zone can be found, 
at  times  above,  at  times  below the  loop  of  Henle,  in  which  the 
erythrolitmin-stained granules in  the  tubule cells  are violet, or red 
and blue within the same cell. 
Alterations in the relative reaction of certain regions of the tubules, 
as disclosed by the color of the dye within the cells, can be induced by 
means that alter the reaction of the urine.  When acid urine is being 
secreted there is a change from relative alkalinity to acidity high up in 
the tubular canal, in the proximal convoluted tubules.  During the 
secretion of markedly alkaline urine the intracellular granules appear 
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of the distal convoluted tubules.  When the urine is neutral the cells 
above the descending limb of the loop of Henle are alkaline to erythro- 
litmin, and those below this point appear acid. 
The granules within the endothelial cells of the glomerulus and the 
epithelial cells of the first portion of the proximal convoluted tubules 
are always alkaline to erythrolitmin; while those within the cells of the 
final portion of the distal convoluted tubules are always acid regardless 
of the reaction of the urine.  Only after complete suppression of urine 
as result of massive doses of acid do granules of the sort first mentioned 
manifest the color indicative of acidity. 
The interpretation of the findings waits upon further work. 
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